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*ON-EMITTIN(j? DEVICE, ELECTRON SOURCE, IMAGE- 
FORMING APPARATUS, AND METHOD FOR PRODUCING ELECTRON- 
EMITTING DEVICE AND ELECTRON-EMITTING APPARATUS rn 
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BACKGROUND OF THE INVENTION 3. o3 

Field of the Invention 3 S> ^ 



The present invention relates to an electron- ro 

00 

o 

emitting device, an electron source using therewith ,°an 



image-forming apparatus, and a method for produci^ an 

electron-emitting device . ^2 5^ \/* 

Related Background Art C;> ^ ^2. 

A field emission type (FE-type) electron-emitting S> O 

device for emitting an electron from a metal surface^ 

o 

with a strong field over 10 6 V/cm applied to the metaf 
has attracted attention as one of the effective cold 
electron sources. 

If an FE-type cold electron source is put to 
practical use, a thin- type emissive image display 
device can be realized, thereby contributing to a power 
saving and lightweight system. 

FIG. 12 shows a vertical FE-type structure. In 
FIG. 12, reference numeral 121 denotes a substrate, 
reference numeral 123 denotes an emitter electrode, 
reference numeral 124 denotes an insulation layer, 
reference numeral 125 denotes an emitter, reference 
numeral 126 denotes an anode, and reference numeral 127 
denotes the shape of an Electron beam emitted to the 



anode. An aperture is formed in the layers of the 
insulation layer 124 and a gate electrode 122 arranged 
on the cathode electrode 123. The conical emitter 125 
is provided in the aperture (the structure is 
hereinafter referred to as a Spindt type structure). 
The structure is disclosed by, for example, C. A. 
Spindt, "Physical Properties of thin-film field 
emission cathodes with molybdenum cones", J. Appl. 
Phys., 47,5248 (1976), etc. 

Furthermore, an example of a lateral FE-type 
electron-emitting device can be formed by an emitter 
electrode having a pointed end and a gate electrode 
(extracting electrode) for extracting an electron from 
the end of the emitter electrode arranged parallel to 
the substrate with a collector (referred to as an anode 
in the present invention) provided in the direction 
vertical to the opposing direction of the gate 
electrode and the emitter electrode- 

An example of an electron-emitting device using a 
fibrous carbon is disclosed by Japanese Patent 
Application Laid-Open No. 8-115652, Japanese Patent 
Application Laid-Open No. 2000-223005, European Patent 
Publication EP-Al-1022763, etc. 

SUMMARY OF THE INVENTION 

In the image- forming apparatus using the above 
mentioned FE-type electron source, an electron beam 
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spot (hereinafter referred to as a beam diameter) can 
be obtained depending on the distance H from the 
electron source to the phosphor, the anode voltage Va 
between the electron-emitting device and the phosphor, 
5 the device voltage Vf between the cathode electrode and 
the leading electrode. The above mentioned beam span 
is submillimeter, and has sufficient resolution as an 
image- forming apparatus. 

However, in the image- forming apparatus such as an 
10 image display device, etc., resolution with higher 
precision has been requested recently. 

Furthermore, with an increasing number of 
displayed pixels, power consumption has risen from a 
large device capacity of the electron-emitting device 
15 when it is driven. Therefore, it has been demanded to 
reduce the device capacity and the device voltage, and 
improve the efficiency of the electron-emitting device. 

Furthermore, it is necessary to have uniform 
characteristic of the electron-emitting device to avoid 
20 uneven distribution of the brightness among the pixels 
due to the uneven characteristics of the electron- 
emitting devices. 

As a result, it is requested to reduce the 
capacity of a device, the device voltage, and the 
25 uneven characteristics among electron-emitting devices. 

In the Spindt-type electron-emitting device shown 
in FIG. 12, a parasitic capacity has been formed 



- 4 - 



between a large gate capacity and a number of emitters 
125 by the layer structure of a gate electrode 122 and 
a substrate 121. Furthermore, the device voltage of 
the spindt-type FE is as high as several tens of V, 
5 thereby causing the problem of large power consumption 
from a large capacity. 

Additionally, since extracted electron beams 
diffuse, a focusing electrode has been required to 
suppress the diffusion of the beams. For example, 

10 Japanese Patent Application Laid-Open No. 07-006714 
discloses a method of focusing the trajectory by 
providing an electrode for focusing electrons. 
However, this method has the problem that the process 
step of assigning the focusing electrode is 

15 complicated, and that the electron emission efficiency 
is low. 

Furthermore, since a common horizontal FE is 
designed such that an electron emitted from a normal 
cathode easily crashes against the gate electrode, the 
20 efficiency (the ratio of the electric current flowing 
through a gate to the electric current reaching the 
anode) is lowered, and the beams largely diffuse at the 
anode . 

With electron-emitting devices formed by a set of 
25 fibrous carbon, local electron emission (electric field 
concentration) is apparent when there are large 
differences in length and shape among the devices. 
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Therefore, the current density accompanied by the 
electron emission becomes high at a portion where local 
electric field concentration arises, thereby possibly 
deteriorating the electron emission characteristic and 
5 shortening the life of the device. 

Additionally, with the image-forming apparatus 
having a plurality of the above mentioned devices, the 
above mentioned events cause the apparent distribution 
of the amount of Ie (emission current) of each 
10 electron-emitting device, thereby reducing the 

performance of the image-forming apparatus by resulting 
in the poor display of gray scale images, flickering 
images , etc . 

The present invention has been developed to solve 
15 the above mentioned problems, and aims at providing a 
durable electron-emitting device, electron source, 
image- forming apparatus having a uniform display 
characteristic for a long period, and a method for 
easily producing the electron-emitting device and the 
image-forming apparatus by guaranteeing a uniform 
electron emission characteristic. 

To attain the above mentioned purpose, the method 
for producing an electron-emitting device according to 
the present invention includes on the surface of a 
substrate the steps of: arranging a cathode electrode; 
arranging an electrode opposite the cathode electrode; 
arranging a plurality of fibers mainly made of carbon 



20 



25 
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on the cathode electrode; and applying higher potential 
to the electrode opposite the cathode electrode than 
the potential applied to the cathode electrode under 
the depressurized condition. 
5 Another method for producing the electron source 

according to the present invention to attain the above 
mentioned purpose includes the steps of : arranging on 
the substrate a plurality of electron-emitting devices 
each having a plurality of fibers mainly made of 

10 carbon, and a plural pieces of wire each being 

electrically connected to at least one of the plurality 
of electron-emitting devices; applying a voltage to at 
least a part of the plurality of electron-emitting 
devices and measuring the electric characteristic of 

15 the electron-emitting device to which the voltage has 
been applied; and reducing the difference in electric 
characteristic among the plurality of electron-emitting 
devices based on the measurement result. The step of 
reducing the difference in characteristic among the 

20 above mentioned plurality of electron-emitting devices 
includes the step of allowing electrons to be emitted 
from at least one of the plurality of electron-emitting 
devices under the depressurized condition. 

Furthermore, it is preferable that the step of 

25 emitting an electron from the above mentioned electron- 
emitting device is performed under the condition of a 
gas physically or chemically reactive to the fiber. In 
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this process, the portion where an electric field 
concentrates in the fiber is made to be reactive for a 
partial etching process. As a result, the stable and 
uniform electron-emitting device, electron source, and 
5 image-forming apparatus can be produced. 

It is preferable that the gas chemically reactive 
to the fiber contains H 2 , H 2 0, 0 2 , or C0 2 . Otherwise, it 
is desired that the gas chemically reactive to the 
fiber is a combination of H 2 gas and one of H 2 0, 0 2 , and 
10 C0 2 gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A, IB, 1C, ID and IE show a method for 
producing an electron-emitting device according to the 
15 first embodiment; 

FIGS. 2A and 2B show a step of equalizing the 
shapes of fine projections among the electron-emitting 
devices according to an embodiment of the present 
invention; 

20 FIGS. 3A and 3B show an electron-emitting device 

according to the embodiment of the present invention; 

FIGS. 4A, 4B, 4C and 4D show the step of producing 
the electron-emitting device according to the 
embodiment of the present invention; 
25 FIGS. 5A and 5B show a change with time of an 

emission current of an electron-emitting device; 

FIG. 6 shows an example of the configuration when 
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an electron-emitting device is operated; 

FIG, 7 shows an example of the operation 
characteristic of an electron-emitting device according 
to the embodiment of the present invention; 

FIG. 8 shows an example of the configuration of a 
simple matrix circuit according to the embodiment of 
the present invention; 

FIG. 9 shows an example of the configuration of an 
image- forming apparatus using the electron source 
according to the embodiment of the present invention; 

FIG. 10 shows the outline of the structure of a 
carbon nanotube; 

FIG. 11 shows the outline of the structure of a 
graphite nanofiber; 

FIG. 12 shows the conventional vertical FE-type 
electron-emitting device; 

FIG. 13 shows the type of an equalizing process 
according to the present invention; and 

FIG. 14 shows the type of another equalizing 
process according to the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention 
are described below in detail by referring to the 
attached drawings. However, the present invention is 
not limited to the dimensions , materials, shapes, and 
relative arrangements of the components of the 
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embodiments unless otherwise specified. 

Described first below is the equalizing process of 
the electron emission characteristic of an electron- 
emitting device. 
5 According to the present invention, it is most 

desirable to use fibrous carbon as an electron-emitting 
member of an electron-emitting device. Since fibrous 
carbon has a very large aspect ratio, it easily 
enhances an electric field. Therefore, it is possible 

10 to emit an electron at a low voltage, and the fibrous 
carbon is recommended as an electron-emitting member 
according to the present invention. 

The "fibrous carbon" according to the present 
invention can refer to a "columnar substance chiefly 

15 made of carbon" or "linear substance chiefly made of 

carbon". Furthermore, the "fibrous carbon" can also be 
referred to as "fiber chiefly made of carbon". To be 
more practical, the "fibrous carbon" according to the 
present invention also includes carbon nanotube, 

20 graphite nanofiber, and amorphous carbon fiber. 

Especially, graphite nanofiber is the most desirable as 
an electron-emitting member. 

However, when the fibrous carbon is used as an 
electron-emitting member, it is frequently used as a 

25 set of plural pieces of fibrous carbon in consideration 
of the production method. Since it is very difficult 
to equalize the shapes of the fibrous carbon in 
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thickness, length, etc., there often occurs unevenness 
in characteristic among the electron-emitting devices 
if the set of plural pieces of fibrous carbon is used 
as an electron-emitting member of an electron-emitting 
device. 

Under the situation, according to the present 
invention, a process of reducing the difference in 
electron emission characteristic among electron- 
emitting devices (equalizing process) is performed to 
control the electron emission characteristic of the 
electron-emitting device in which plural pieces of 
fibrous carbon is used as an electron-emitting member. 

The "equalizing process" which is the 
characteristic of the method for producing the 
electron-emitting device according to the present 
invention is performed by applying a voltage to an 
electron-emitting device after arranging plural pieces 
of fibrous carbon on the electrode (cathode electrode) 
to which potential, which is lower than the potential 
to the opposite electrode (extracting electrode) in a 
pair of electrodes forming the electron-emitting device 
when the device is driven, is applied. 

This method is especially convenient and effective 
when an electron source, an image- forming apparatus, 
etc. are formed using a plurality of electron-emitting 
devices . 

The "equalizing process" according to the present 
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invention not only reduces the difference in electron 
emission characteristic among a plurality of electron- 
emitting devices, but also improves the electron 
emission characteristic of one electron-emitting 
device. 

That is, the electron-emitting device immediately 
after forming fibrous carbon indicates the difference 
in shape among plural pieces of fibrous carbon. Such a 
device can form a portion where an electric field 
specifically concentrates. When such an electron- 
emitting device having specific electric field 
concentration is operated, electrons are emitted with 
concentration from the specific portion, and a load is 
excessively generated in the portion. As a result, the 
electron emission characteristic is suddenly damaged, 
and no sufficient performance of an electron-emitting 
device can be obtained. 

Therefore, by performing the "equalizing process" 
according to the present invention, the portion in 
which an electric field specifically concentrates can 
be removed, and electrons are substantially equally 
emitted from a number of pieces of fibrous carbon (the 
number of electron emission sites is increased ). As a 
result, electron-emitting devices having an excellent 
electron emission characteristic and stable for a long 
period can be obtained. 

It is desired that the above mentioned "equalizing 



- 12 - 



process" according to the present invention is 
performed by applying a voltage to a device under the 
condition of a substance reactive to the fibrous 
carbon . 

5 The principle of the equalizing process is 

performed by an etching operation using the heat 
generated when an electron is emitted from the fibrous 
carbon, which is an electron-emitting portion, into a 
vacuum. In addition, when the process is performed 
10 under the condition of the substance reactive to 

fibrous carbon, the reactive substance in the condition 
and the fibrous carbon are selectively reactive to each 
other, thereby performing a partial etching process. 

Since the fibrous carbon chiefly contains carbon, 
15 the following reactions occur. 

C + H 2 0 -> H 2 T + COT . • .(1) 
C + 0 2 -> C0 2 T • • . (2) 
2C + 0 2 2C0T . • • (3) 
C + C0 2 -> 2C0T . . .(4) 
20 Therefore, H 2 0, C0 2 , 0 2 , H 2 , etc. can be useful as 

substances reactive to the fibrous carbon. 

FIGS. 2A and 2B shows the type of the equalizing 
process according to the present invention using a 
lateral electron-emitting device in which fibrous 
25 carbon is used as an electron-emitting member. 

In FIGS. 2A and 2B, reference numeral 1 denotes an 
insulating substrate, reference numeral 2 denotes a 
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extracting electrode (also referred to as a "second 
electrode" or "gate electrode"), reference numeral 3 
denotes a cathode electrode (also referred to as a 
"first electrode" or "negative electrode"), reference 
5 numeral 4 denotes an electron-emitting member 

comprising plural pieces of fibrous carbon electrically 
connected to the cathode electrode. Reference numeral 
20 denotes a vacuum chamber, reference numeral 21 
denotes a substrate holder, reference numeral 22 

10 denotes a gas leading valve, reference numeral 23 

denotes vacuum pump, reference numeral 24 denotes an 
anode (also referred to as a "third electrode"), and 
reference numeral 25 denotes an equipotential surface. 
In this example, a lateral electron-emitting 

15 device is described, but the producing method according 
to the present invention is also applicable to a 
vertical electron-emitting device in which fibrous 
carbon is used as an electron-emitting member. 
Furthermore, since a lateral electron-emitting device 

20 is simpler in production, and smaller in capacity in 
the driving operation than the vertical electron- 
emitting device, a high-speed driving process can be 
performed. 

Furthermore, although the vertical electron- 
25 emitting device shown in FIG. 12 includes a cathode 
electrode 123 and an extracting electrode (gate 
electrode) 125, the fibrous carbon can emit electrons 
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in a low electric field. Therefore , the present 
invention can also be applied to a vertical electron- 
emitting device without a gate electrode 125 and an 
insulating layer 124 shown in FIG. 12. That is, the 
5 present invention can be applied to an electron- 
emitting device configured by the cathode electrode 123 
provided on the substrate 121 and fibrous carbon 
provided thereon . 

In the vertical electron-emitting device, an 

10 "equalizing process" can be performed by performing the 
voltage applying process similar to the process 
performed in the "equalizing process" described later, 
for applying the voltage between the cathode electrode 
(reference numeral 123 shown in FIG. 12) where the 

15 fibrous carbon is arranged and the anode (reference 
numeral 126 shown in FIG. 12). Otherwise, an 
"equalizing process" can also be performed by 
performing the process similar to the voltage applying 
process performed in the "equalizing process" described 

20 later, for applying the voltage between the extracting 
electrode (reference numeral 122 shown in FIG. 12) and 
the cathode electrode provided between the cathode 
electrode (reference numeral 123 shown in FIG. 12) 
where the fibrous carbon is arranged and the anode 

25 (reference numeral 126 shown in FIG. 12). 

Furthermore, an "equalizing process" can also be 
performed by arranging an electrode plate above the 
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cathode electrode where the fibrous carbon is provided, 
and performing a voltage applying process similar to 
the voltage applying process performed in the 
"equalizing process" described later between the 
5 electrode plate and the cathode electrode. 

The "equalizing process" introduces an "reactive 
gas" reactive to the fibrous carbon from the gas 
leading valve 22 after evacuating the vacuum chamber 20 
by the vacuum pump 23. Then, a voltage is applied to 

10 the electron-emitting member 4 of fibrous carbon such 

that the extraction electrode 2 can be positive, and an 
electron is emitted from the electron-emitting member 4 
of fibrous carbon. Then, the electron-emitting member 
4 of fibrous carbon proceeds with the above mentioned 

15 reaction toward right by means of the heat from the 
electron emission, etc., thereby etching the fibrous 
carbon (FIG. 2A). 

During the process of the above mentioned 
reaction, the reactive gas on the left side is 

20 incessantly introduced by the gas leading valve 22, the 
product on the right is evacuated by the vacuum pump 
23, and the above mentioned reaction expressions are 
proceeding right. 

Since the reaction can be reciprocal, a reaction 

25 product is set to be immediately removed from the 
reaction system. 

Furthermore, it is recommended to reserve the time 
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to stop electron emission to promote the reaction 
between the reactive gas and the electron-emitting 
member. To attain this, it is desired that a pulse 
voltage is applied between the electron-emitting member 
5 4 and the extraction electrode 2. 

Since the reaction is driven by the heat from the 
electron emission, the portion of the electron-emitting 
member 4 easily emitting an electron ( in which an 
electric field can be easily enhanced) reacts with 

10 concentration to the heat and then be etched in the set 
of fibrous carbon. As a result, the electric field can 
be equally applied by an electron emission area by 
removing the portion where the electric field has 
excessively been concentrated. 

15 FIG. 2B shows the type of the result of the 

"equalizing process". After performing the "equalizing 
process" , the electric field difference applied to each 
piece of fibrous carbon is reduced. That is, the 
equipotential surface 25 which is largely distorted as 

20 shown in FIG. 2A is reduced in distortion as shown in 
FIG. 2B. 

When an image- forming apparatus is provided, etc., 
the "equalizing process" can also be performed after 
bonding an electron source substrate formed by a 
25 plurality of electron-emitting devices each having 

fibrous carbon and the wiring for use in driving the 
electron-emitting devices with a face plate having an 
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image- forming member comprising a phosphor, etc., and 
forming a vacuum envelope (referred to as a sealing 
process ) . 

In the above mentioned process, the performance of 
5 the electron-emitting device, electron source, and 

image- forming apparatus using plural pieces of fibrous 
carbon can be improved. 

That is, the electron-emitting device according to 
the present invention prevents the local electric field 

10 concentration in the "equalizing process", thereby 

equalizing the electron emission characteristic, and 
suppressing the attenuation of the emission current by , 
the overload from the high current density due to the 
local field concentration. 

15 Therefore, the induction of discharge can be 

suppressed, the durability of the electron-emitting 
device can be elongated, and a stable electron emission 
current with small fluctuations with time can be 
maintained. 

20 Then, since the electron emission current of each 

electron-emitting device can be stably maintained in 
the electron source and the image- forming apparatus 
including a plurality of electron-emitting devices, the 
durability of each pixel can be improved, the gray 

25 scale of an image can be successfully expressed, and 
the flicker of the image can be avoided, thereby 
expressing equal display characteristic for a long 
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period . 

Described below is an embodiment of the practical 
configuration according to the present invention. 
FIGS. 3A and 3B show an example of the 
5 configuration of the electron-emitting device on which 
the producing method according to the present invention 
works. FIG. 3A is a plan view of the electron-emitting 
device according to the present embodiment. FIG. 3B is 
a sectional view along 3B-3B shown in FIG. 3A. 

10 In FIGS. 3A and 3B, reference numeral 1 denotes a 

substrate, reference numeral 2 denotes an extracting 
electrode, reference numeral 3 denotes a cathode 
electrode, and reference numeral 4 denotes an electron- 
emitting member. FIGS. 4A to 4D schematiclly show a 

15 type of the method of producing an electron-emitting 

device according to the present embodiment. An example 
of the method of producing an electron-emitting device 
according to the present embodiment is described below 
by referring to FIGS. 4A to 4D. 

20 The substrate 1 refers to quartz glass, glass 

whose impure contents such as Na, etc. are reduced and 
replaced with K, etc., sodalime glass, a layer 
structure obtained by applying Si0 2 on the silicon 
substrate, etc. in the spatter method, etc., and an 

25 insulating substrate such as ceramics, etc. of alumina, 
etc. (FIG. 4A). 

The extraction electrode (gate electrode) 2 and 
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the cathode electrode 3 are disposed on the insulating 
substrate 1 (FIG, 4B). 

The extraction electrode 2 and the cathode 
electrode 3 are conductive, and can be formed by the 
5 common vacuum film- forming technology such as the 

evaporation method, the spatter method, etc, and the 
photolithography technology. 

The material of the extraction electrode 2 and the 
cathode electrode 3 can be, for example, carbon, metal, 

10 metal nitride, metal carbide, metal boride, 

semiconductor, or metal compound semiconductor. 

The thickness of the electrodes 2 and 3 can be set 
in the range from several tens nm to several jam. It is 
desired to use such a heat resistant material as 

15 carbon, metal, metal nitride, metal carbide, etc. If 
the potential can be reduced due to a thin electrode, 
or if the electron-emitting device is used in a matrix 
array, then a low resistance metal wiring material can 
be used in a portion not involved in the electron 

20 emission as necessary. 

The distance between the extraction electrode 2 
and the cathode electrode 3 can be determined depending 
on the device voltage driving the electron-emitting 
device between the extraction electrode 2 and the 

25 cathode electrode 3 such that the electron emission 
field can be one through ten times larger than the 
vertical field when the electron emission field 
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(lateral field) of the electron-emitting member 4 is 
compared with the vertical field required to form an 
image. 

For example, when the distance between the anode 
5 24 and the cathode electrode 3 is 2 mm, and 10 kV is 
applied, the vertical field is 5 V/pm. In this case, 
the distance and the device voltage are to be 
determined such that the electron emission field of the 
electron-emitting member to be used is larger than 5 
10 V/pm, and corresponds to be the selected electron 
emission field. 

The "lateral field" according to the present 
invention can be referred to as a "electric field 
practically parallel to the surface of the substrate 
15 1", or a "electric field in the direction of the 

extraction electrode 2 opposite the cathode electrode 
3. 

The "vertical field" according to the present 
invention refers to an "electric field in the direction 

20 substantially perpendicular to the surface of the 

substrate 1", or an "electric field in the direction of 
the substrate 1 opposite an anode electrode 61". 

Then, the electron-emitting member 4 having an 
uneven surface is disposed on the cathode electrode 3 

25 (FIG. 4C). The material used as the electron-emitting 
member 4 is a set of fibrous carbon. It is desired 
that the fibrous carbon is graphite fiber. 
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The above mentioned fibrous carbon has a threshold 
field of several V/pm, FIGS. 10 and 11 show an example 
of configurations of fibrous carbon suitable for the 
present invention. Each figure shows an embodiment at 
5 an optical microscope level (approximately lOOOx) on 
the left, an embodiment at a scanning electronic 
microscope (SEM) level (approximately 30,000x) 
in the center, and an embodiment at a transmission 
electronic microscope (TEM) level 

10 (approximately 1 millionx) on the right. 

As shown in FIG, 10, a cylindrical shape of 
graphen (multiple wall cylinder is referred to as a 
multiwall nanotube) is referred to as a carbon 
nanotube, and its threshold is the smallest when the 

15 tip of the tube is opened. 

FIG. 11 shows the fibrous carbon may be produced 
at a relatively low temperature. A fibrous carbon of 
this form is comprised of a lamination of graphens 
(which is thus sometimes called "graphite nanofiber" 

20 and the ratio of the amorphous structure of which 

increases depending on the temperature). To be more 
practical, the graphite nanofiber indicates a fibrous 
substance in which graphens are layered (laminated) in 
the longitudinal direction ( axial direction of fiber ) . 

25 That is, as shown in FIG. 11, it is a fibrous substance 
in which plurality of graphens are arranged and layered 
(laminated) so as not to be parallel to the axis of the 
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fiber. 

The other carbon nanotube is a fibrous substance 
in which graphens are arranged (in cylindrical shape) 
around the longitudinal direction (axial direction of 
5 fiber). In other words, it is a fibrous substance in 
which graphens are arranged substantially in parallel 
to the axis of the fiber. 

One sheet of graphite is referred to as a 
"graphen" or a "graphen sheet". To be more practical, 

10 graphite is obtained by laying plural carbon sheets, a 
lamination in which carbon planes, each of which is a 
spread of regular hexagons consisting of covalent bonds 
of carbon atoms in sp 2 hybrid, are layered at intervals 
of distance of 3.354 A. Each of the carbon planes is 

15 called a "graphen" or a "graphen sheet". 

Either fibrous carbon has an electron emission 
threshold of 1 V to 10 V/pm and is recommendable as the 
material of the emitter (electron-emitting member) 4. 
Especially, an electron-emitting device using a 

20 set of graphite nanofiber is not limited to the device 
structure according to the present invention shown in 
FIGS. 2 and 3, but can emit electrons in a low electric 
field, can obtain a large emission current, can be 
easily produced, and obtains an electron-emitting 

25 device having a stable electron emission 

characteristic. For example, a graphite nanofiber 
emitter is used, an electron-emitting device can be 
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obtained by preparing an electrode for controlling the 
electron emission from the emitter, and a light 
emitting apparatus such as a lamp, etc. can be formed 
using a light emission member emitting light by the 
5 irradiation of an electron emitted from a graphite 

nanofiber. Furthermore, by arranging plural arrays of 
electron-emitting devices using the above mentioned 
graphite nanofiber and by preparing an anode electrode 
comprising a light emission member such as a phosphor, 

10 etc., an image-forming apparatus such as a display, 

etc. can be configured. An electron-emitting device, a 
light emitting device, and an image- forming apparatus 
using graphite nanofiber can stable emit electrons 
without keeping the inside each device in a vacuum 

15 state as in the conventional electron-emitting device. 
Furthermore, since electrons can be emitted in a low 
field, a reliable device can be easily produced. As a 
result, the producing method according to the present 
invention is more recommendable in the device using the 

20 graphite nanofiber. 

The above mentioned fibrous carbon can be formed 
by decomposing the hydrogen carbide gas using a 
catalyst (a material for promoting the pile of carbon). 
The carbon nanotube and the graphite nanofiber depend 

25 on the type of catalyst and the temperature of 
decomposition . 

As the catalyst material, Fe, Co, Pd, Ni, or an 
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alloy of any of the selected materials can be used as 
the nucleus forming the center of the fibrous carbon. 

In particular, Pd, Ni may be material for 
generating graphite nanofiber at a low temperature 
5 (400°C or more). The temperature at which the carbon 
nanotube is generated using Fe or Co is over 800 °C 
while the graphite nanofiber material can be generated 
at a low temperature. Therefore, it is desired from 
the viewpoint of the influence on other members and the 
10 production cost to generate graphite nanofiber material 
using Pd and Ni. 

Furthermore, relating to Pd, using the 
characteristic of an oxide which is reduced at a low 
temperature (room temperature), paradium oxide can be 
15 used as a nucleus forming material. 

When a hydrogen reduction process is performed on 
a paradium oxide, a fast condensation nucleus can be 
formed at a relatively low temperature (200° or lower) 
without thermal condensation of* a thin metal film or 
20 generation and evaporation of super-particle 

conventional used as common nucleus forming technology. 

The above mentioned hydrogen carbide gas can be, 
for example, ethylene, methane, propane, propylene, CO, 
C0 2 gas, or vapor of an organic solvent such as ethanol, 
25 acetone, etc. 

Furthermore, the present invention can be 
applicable to any electron-emitting member 4 having an 
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uneven surface as shown in FIG. 4C. The material of 
the electron-emitting member 4 having an uneven surface 
can be a heat-resistant material such as W, Ta, Mo, 
etc., a carbide such as TiC, ZrC, HfC, TaC, SiC, WC, 
etc., a boride such as Hf B 2 , ZrB 2 , LaB 6 , CeB 6 , YB 4 , GdB 4 , 
etc., a nitride such as TiN, ZrN, Hf N, etc., a 
semiconductor such as Si, Ge, etc., carbon and carbon 
compound, etc. containing diffused amorphous carbon, 
graphite, diamond-like carbon, and diamond. 

Such a electron-emitting member 4 having an uneven 
surface can be obtained by either the process of 
generating projections using a method of the RIE, etc. 
from a film piled in the common vacuum film- forming 
method, etc. such as the spatter method, etc. or the 
process of growing a pin-shaped crystal through the 
generation of a nucleus in the CVD, growing a whisker- 
shaped crystal, etc. 

The control of the shape of the projections 
depends on the type of substrate to be used, the type 
of gas, the pressures of a gas (flow rate), an etching 
time, the energy when plasma is formed, etc. On the 
other hand, in the CVD forming method, control is 
performed based on the type of substrate, the type of 
gas, the flow rate, the growing temperature, etc. 

Regardless of the relation to the electron 
emission, the area in which the electron-emitting 
member 4 is placed is referred to as an "electron 
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emission area" according to the present invention. 

Then, the above mentioned electron-emitting member 
4 is partially etched, and the "equalizing process" 
increasing the number of emission sites is performed 
5 (FIG. 4D). 

After the electron-emitting device is provided in 
the vacuum chamber 20 as shown in FIGS. 2A and 2B, and 
the vacuum chamber 20 is evacuated by the vacuum pump 
23, the gas leading valve 22 introduces a substance 
10 chemically or physically reactive to the electron- 
emitting member 4. 

A chemically reactive substance can be the above 
mentioned 0 2 , CO, H 2 0, H 2 , etc. when the electron- 
emitting member 4 is carbon (fibrous carbon). It is 
15 preferable that the gas chemically reactive to the 

fiber is a mixed gas of a gas selected from among H 2 0, 
0 2 , C0 2 and H 2 gasses. 

A substance physically reactive refers to a 
substance which can be an electrified particle when an 
20 electron beam crashes, and it is desired to have a 
substance having a large mass such as Ar, etc. The 
introduction pressure of a gas of the above mentioned 
substance depends of the type of gas. However, when 
the substance is chemically reactive, it is 1 x 10" 4 Pa 
25 or over. When the substance is physically reactive, it 
is approximately 1 x 10" 6 to 1 x 10" 4 Pa. 

If potential is applied to the electron-emitting 
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member 4 of the electron-emitting device such that the 
extraction electrode 2 of the electron-emitting device 
can be positive, and an electron is emitted after 
introducing the above mentioned gas, then the above 
5 mentioned gas is reactive to the electron-emitting 
member 4 to etch the electron-emitting member 4. 

In this step in the electron emission area, a 
portion in which electrons can be easily emitted (an 
electric field can be easily enhanced) becomes reactive 

10 and etched with concentration, a portion in which an 
electric field has excessively concentrated can be 
removed, and the field can be more equally applied to 
the electron emission area. 

FIGS. 2A and 2B show the type of this process. 

15 FIG. 2A shows the type of the device when the 

"equalizing process" is started, and FIG. 2B shows the 
type of the device after performing the "equalizing 
process" . 

When an image- forming apparatus is formed, this 
20 step can also be performed by: bonding the electron 

source substrate on which wiring, etc* is arranged for 
an electron-emitting device to the face plate having an 
image-forming member comprising a phosphor, etc.; 
introducing the reactive gas after forming an envelope 
25 (referred to a sealing step); and applying positive 

potential to the anode in the electron emission area. 

Thus, an electron-emitting device according to the 
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present embodiment can be formed. 

The electron-emitting device and its operation 
obtained in the above mentioned steps are described 
below by referring to FIGS. 6 and 7. An electron- 
5 emitting device having a gap of several pm between the 
extraction electrode 2 and cathode electrode 3 is 
provided in a vacuum chamber 60 as shown in FIG. 6 to 
allow a vacuum pump 63 to completely perform an 
evacuation until achieving a pressure of about 10" 5 Pa, 

10 the anode electrode 61 is provided at the height of H, 
which if several mm from the substrate 1, using a high 
voltage as shown in FIG. 6, and an anode voltage Va, 
that is, a high voltage of several kV, is applied 
between the cathode electrode 3 and the anode electrode 

15 61. 

A phosphor 62 coated with a conductive film is 
provided on the anode electrode 61. 

A device voltage Vf of a pulse voltage of several 
tens V is applied between the extraction electrode 2 
20 and the cathode electrode 3 to measure a flowing device 
current If and an electron emission current Ie. 

At this time, an equipotential line 66 is formed 
as shown in FIG. 6, and the point at which an electric 
field concentrates is located closest to the anode 61 
25 of the electron-emitting member 4 indicated by 64, and 
inside the gap. 

It is assumed that an electron is emitted from the 
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electron-emitting member 4 located near the electric 
field concentration point 64. 

As shown in FIG. 7, the characteristic of the 
electron emission current Ie of the electron-emitting 
5 device shows Ie suddenly rising about half of the 
applied voltage (device voltage Vf), If having the 
characteristic similar to that of Ie, but having a 
sufficiently smaller value than Ie. 

Furthermore, Ie observed when the electron- 
ic) emitting member 4 is destroyed, etc. due to the local 
field concentration on the electron-emitting member 4 
has not suddenly fluctuated. 

FIG. 5A shows the Ie fluctuation when each of the 
devices A, B, and C according to the present embodiment 
15 produced in the same producing method is driven with 
Vf, Va, and H set constant. It proves that the three 
devices A, B, and C indicate small fluctuation, and 
have similar Ie values. 

For comparison, FIG. 5B shows the fluctuation of 
20 Ie (emission current) when each of the devices D, E, 
and F produced in the same producing method except 
omitting the equalizing process (shown in FIG. 4D) by 
the electron-emitting member 4 is driven. In the 
device D, a sudden drop of Ie is observed in the 
25 driving period. In the device F, Ie is stepwise 
reduced, and indicates a saturation tendency at a 
certain value. Ie of the device E is stable. 
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Thus, without performing the "equalizing process", 
the characteristic of devices are unequal because the 
devices have different portions where an electric field 
easily concentrates due to different configurations of 
5 fibrous carbon which is an electron-emitting member. 

Listed below are examples of three devices (A, B, 
and C), and described below is an example of an 
equalizing process among a number of devices according 
to the present invention. FIG. 14 shows electron 
10 emission characteristics of different devices A to C 
before the "equalizing process". 

In this example, the threshold V th3 of the electron 
emission is largest for the device C, and the threshold 
V thl of the electron emission is smallest for the device 
15 A. 

When the device A is driven with a pulse voltage 
under the condition of the above mentioned reactive 
gas, the mechanism of the above mentioned chemical 
etching of carbon suddenly reduces the electron 

20 emission current of the device A. The process is 
performed with the voltage applied to the device A 
gradually increased until the electron emission cannot 
be substantially detected when the threshold voltage 
( v th3) of device c is obtained. Similarly, the 

25 process is performed on the device B until the current 
value is reduced from the value indicated by the point 
A shown in the figure to the value indicated by the 
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point B. 

Thus, if the characteristic of each device is 
evaluated under the condition after the reactive gas 
has been evacuated, the electron emission 
characteristics of the devices A and B can 
substantially match the electron emission 
characteristic of the device C. 

A preferable method as the "equalizing process" 
among a number of devices is described below. The 
preferable method comprising the steps of: find the 
electron-emitting device whose threshold voltage 
required to emit an electron is determined to be low 
with the characteristic of other devices, and then make 
the threshold voltages of the other devices becomes 
closer to the threshold of the device whose threshold 
voltage is determined to be low with the other devices. 

An example of the method for performing the 
equalizing process on an electron source for which a 
plurality of electron-emitting devices are provided is 
described below by referring to FIG. 8 based on the 
above mentioned principle. In FIG. 8, reference 
numeral 81 denotes an electron source substrate, 
reference numeral 82 denotes X direction wiring, 
reference numeral 83 denotes Y direction wiring, 
reference numeral 84 denotes an electron-emitting 
device, and reference numeral 85 denotes a connection 
line. 
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X direction wiring 82 is formed by m pieces of 
wiring, that is, Dxl, Dx2, . .., Dxm, and can be 
configured by conductive metal, etc. formed in the 
vacuum evaporation method, the printing method, the 
spattering method, etc. The material, the film 
thickness, the width of the wiring can be appropriately 
designed. 

The Y direction wiring 83 is formed by n pieces of 
wiring, that is, Dyl, Dy2, . .., Dyn, which is similarly 
formed in the X direction wiring 82. 

Among the m pieces of X direction wiring &2 and n 
pieces of Y direction wiring 83, an inter-layer 
insulation layers (not shown in the attached drawings) 
for separating them, which layers separate both 
electrically. 

The inter-layer insulation layer not shown in the 
attached drawings is configured by Si0 2 , etc. formed in 
the vacuum evaporation method, the printing method, the 
spattering method, etc. For example, it is formed in a 
desired shape on all or a part of the electron source 
substrate 81 on which the X direction wiring 82 is 
arranged. Its film thickness, material, and producing 
method are appropriately designed to stand the 
potential difference at the crossing portion between 
the X direction wiring 82 and the Y direction wiring 
83. 

The X direction wiring 82 and the Y direction 
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wiring 83 are led as external terminals. 

A pair of electrodes (not shown in the attached 
drawings) forming the electron-emitting device 84 are 
electrically connected by m pieces of the X direction 
5 wiring 82, n pieces of the Y direction wiring 83, and 
the connection line 85 comprising conductive metal, 
etc. 

When the number of rows in the X direction and the 
number of columns in the Y direction increase in the 

10 simple matrix as shown in FIG. 8, there occurs apparent 
distribution of the voltage applied to each device due 
to a drop of voltage if the "equalizing process" is 
collectively performed by selecting all of the 
electron-emitting devices 84 in the matrix. For 

15 example, it is desired that the "equalizing process" is 
performed with line (wiring) by line (wiring) or the 
"equalizing process" is performed with one by one (dot 
sequentially). 

In this embodiment, an example of the equalizing 

20 process performed on all electron-emitting devices is 
described. However, the equalizing process can be 
performed not on all- electron-emitting devices, but 
only on a desired electron-emitting device. 

Before performing the equalizing process, it is 

25 desired that the electric characteristic of the 

electron-emitting device 84 is measured. It can be 
determined how the electric characteristic of each 
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electron-emitting device can be set based on the data 
obtained in the measurement. The electric 
characteristic to be measured (monitored) is obtained 
by measuring the current occurring when a predetermined 
5 voltage is applied to each electron-emitting device or 
between the electron-emitting device and the anode* 

A current occurring in an electron-emitting device 
can be a current flowing between an extraction 
electrode and a cathode electrode when a predetermined 

10 voltage is applied between the extraction electrode and 
the cathode electrode of each electron-emitting device. 
A current occurring between the anode electrode and the 
electron-emitting device can be a current detected when 
a current flowing to anode (emission current from the 

15 electron-emitting device) when a predetermined voltage 
is applied between the anode electrode and the 
electron-emitting device. 

It is desired that the measurements of the 
electric characteristic are made on all electron- 

20 emitting devices. However, when the number of 

electron-emitting device increases, measurements can be 
made only on limited devices, and the "equalizing 
process" can be performed based on the measurement 
value. 

25 To have the electric characteristics of all 

electron-emitting devices close to a predetermined 
value range based on the measured electric 
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characteristic, it is desired to perform the 
"equalizing process" on all electron-emitting devices. 
However, if the electric characteristics of devices are 
not quite different from each other, the "equalizing 
5 process" can be performed only on the electron-emitting 
device having the characteristic out of the desired 
range . 

Described below is the above mentioned method of 
sequentially equalizing lines. For example, the 

10 "equalizing process" is performed by commonly 

connecting (for example, a GND connection) n pieces of 
Y direction wiring, that is, Dyl, Dy2, . Dyn, 
applying positive potential to the Y direction wiring 
to Dxl of the X direction wiring, and selecting the 

15 electron-emitting device at the row Dxl (electron- 
emitting device connected to the wiring of Dxl) 84* 
Then, a similar voltage is applied to Dx2, the 
electron-emitting device at the row Dx2 is selected, 
and the "equalizing process" is performed. Similarly, 

20 the rows Dx3, Dx4, Dxm are sequentially selected, 

and the equalizing process is performed in the X 
direction in a line sequence. Thus, the influence of a 
voltage drop can be reduced. In this embodiment, the 
"equalizing process" is performed on all electron- 

25 emitting devices connected to one piece of X direction 
wiring. However, the "equalizing process" can be 
performed on some of the electron-emitting devices 
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connected to one pieces of the X direction wiring. 
That is, the "equalizing process" is not performed on 
all electron-emitting devices, but can be performed 
only on desired electron-emitting devices. 
5 Then, in the "equalizing process" sequentially 

performed one (device) by one (device), each device is 
selected using the above mentioned matrix wiring using 
the above mentioned matrix wiring so that it can be 
independently driven, and the electron-emitting device 

10 84 can be individually equalized. In this method, 

there is no influence of a voltage drop, but the time 
required to perform the process is proportional to the 
number of the devices. Therefore, any of the line 
sequence process, the point sequence process, and a 

15 collective process can be performed depending on the 
size or the use of an electron source. Also in this 
method, the equalizing process is not performed on all 
electron-emitting devices, but is performed only on 
desired electron-emitting devices. 

20 Described below is the image- forming apparatus 

configured using the electron source of the above 
mentioned simple matrix by referring to FIG. 9. FIG. 9 
shows a type of an example of the display panel of the 
image-forming apparatus. 

25 In FIG. 9, reference numeral 81 denotes an 

electron source substrate 81 for which a plurality of 
electron-emitting devices are provided , reference 
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numeral 91 denotes a rear plate to which the electron 
source substrate 81 is fixed, reference numeral 96 
denotes a face plate in which a fluorescent film 94, a 
metal back 95, etc. are formed inside a glass substrate 
5 93. Reference numeral 92 denotes a support frame to 
which the rear plate 91 and the face plate 96 are 
bonded using frit glass, etc. Reference numeral 97 
denotes an envelope can be formed and sealed by baking 
at the temperature of 400 to 500 °C for over 10 minutes 

10 in the vacuum or nitrogen. 

As described above, the envelope 97 comprises the 
face plate 96, the support frame 92, and the rear plate 
91. Since the rear plate 91 is provided mainly to 
reinforce the strength of the electron source substrate 

15 81, the separate rear plate 91 is not required if the 
electron source substrate 81 itself is strong enough. 
That is, the support frame 92 can be bonded directly to 
the electron source substrate 81 so that the face plate 
96, the support frame 92, and the electron source 

20 substrate 81 can configure the envelope 97. On the 
other hand, a support unit, referred to as a spacer, 
not shown in the attached drawings can be provided 
between the face plate 96 and the rear plate 91 to 
configure the envelope 97 durable against the 

25 atmosphere. 

Furthermore, the "equalizing process" of the 
electron-emitting member 4 according to the present 
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embodiment can be performed by introducing a reactive 
gas using a gas lead tube 98 after forming the envelope 
97. The lead gas and the reaction product can be 
removed at any time by an evacuation tube 99. 
5 The image- forming apparatus according to the 

present embodiment can also be used as an image- forming 
apparatus, etc. as a display device such as a device 
for a television broadcast, video conference system, a 
computer, etc. and an optical printer configured by a 

10 photosensitive drum, etc. 
( Embodiments ) 

Described below in detail are practical 
embodiments according to the present invention. 
(First Embodiment) 

15 As the first embodiment of the present invention, 

an electron is emitted between the cathode electrode 
and the extraction electrode of the electron-emitting 
device under the condition of an 0 2 gas, and the 
"equalizing process" is performed. FIGS. 1A to IE show 

20 a method of producing an electron-emitting device 

according to the present embodiment. FIGS. 3A and 3B 
are a plan view and a sectional view of the produced 
electron-emitting device. Described below is the step 
of producing the electron-emitting device according to 

25 the present embodiment. 

(Step 1 (FIG. 1A)) 

A quarts substrate is cleaned and used as the 
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substrate 1. 5 run thick Ti and 30 nm thick Pt area are 
continuously evaporated in the spatter method as the 
extraction electrode 2 and the cathode electrode 3. 

Then, in the photolithography process, a resist 
5 pattern is formed using a positive type photoresist (AZ 
1500 made by Clariant). 

Next, the Pt layer and Ti layer dry etching 
processes are performed using Ar with the patterned 
photoresist as a mask, and the extraction electrode 2 
10 and the cathode electrode 3 having the gap of 5 pm 
between the electrodes are formed. 

(Step 2 (FIG. IB) ) 

Then, about 100 mm thick Cr is piled in the 
evaporating process. In the photolithography process, 

15 a resist pattern is formed using a positive type 
photoresist (AZ 1500 made by Clariant). 

Next, using the patterned photoresist as a mask, 
the area (100 jam square) for coating the electron- 
emitting member 4 is formed on the cathode electrode 3, 

20 and the Cr of an aperture is removed by a cerium 
nitrate etching solution. 

After removing the photoresist, a complex solution 
obtained by adding a Pd complex to isopropyl alcohol, 
etc. is applied by a spin coat. 

25 After the application, a heat treatment is 

performed at 300 °C in the atmosphere, about 10 nm thick 
palladium oxide 41 is formed on the cathode electrode 
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3, and then Cr is removed by the cerium nitrate etching 
solution. 

(Step 3 (FIG. 1C) ) 

The atmosphere is evacuated with the heat of 
200 °C, the heat treatment is performed in the flow of 
the 2% hydrogen diluted by nitrogen. At this step, an 
about 3 to 10 nm diameter particle 42 is formed on the 
surface of the cathode electrode 3. At this time, the 
density of the particle 42 is estimated to be about 
10 11 to 10 12 /cm 2 . 

(Step 4 (FIG. ID) ) 

Then, in the flow of 0.1% ethylene diluted by 
nitrogen, the heat treatment is performed at 500 °C for 
10 minutes. When this process is observed by a 
scanning electronic microscope, it proves that a number 
of pieces of fibrous carbon 43 extending as 10 to 25 nm 
diameter curving fiber are formed on the Pd coated 
area. At this time, the fibrous carbon 43 is about 500 
nm thick. 

(Step 5 (FIG. IE)) 

Then, a device is provided in the vacuum device 20 
shown in FIGS. 2A and 2B, the vacuum pump 23 performs 
the evacuation up to 1 x 10' 5 Pa, the gas leading valve 
22 leads an 0 2 gas until the vacuum level in the vacuum 
device 20 reaches 1 x 10" 4 Pa, and a pulse voltage is 
applied to the cathode electrode 3 with the extraction 
electrode 2 set positive. The system is driven for 1 
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hour in this state, and the electron-emitting member 4 
is equalized. 

The electron-emitting device is formed in the 
above mentioned steps, and completely evacuated by the 
5 evacuation device 63 in the vacuum device 60 shown in 
FIG, 6 until 2 x 10~ 6 Pa is reached, and an anode 
voltage Va = 10 kV is applied to the anode electrode 61 
H = 2 mm apart as shown in FIG. 6. 

At this time, a pulse voltage of device voltage Vf 
10 = 20 V is applied to the electron-emitting device, and 
the flowing device current If and the electron emission 
current Ie are measured. 

The Ie characteristic of the electron-emitting 
device shows a sudden increase of Ie from the half of 
15 the applied voltage, and the electron emission current 
Ie of about 1 \xA is measured with Vf of 15 V. Thus, a 
preferable electron emission characteristic can be 
obtained with a small fluctuation of Ie with time. 
On the other hand, If is similar to the 
20 characteristic of Ie, and the value is smaller than the 
value of Ie by one digit. 

The mechanism of the equalizing process according 
to the present embodiment is described below by 
referring to FIG. 13. FIG. 13 shows a change in device 
25 characteristic before and after the equalizing process. 

The electron-emitting device before the equalizing 
process shows the characteristic of emitting an 
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electron at the threshold V thl (about 1 V/pm). Then, as 
described above, when a pulse voltage is applied to the 
device in the 0 2 gas, the electron emission current of 
the device is suddenly reduced by the mechanism of the 
chemical etching of the above mentioned carbon. The 
voltage applied to the device is gradually increased, 
and the process is performed until no emission is 
emitted at the threshold voltage of V th2 . 

When the device characteristic is evaluated after 
evacuating the 0 2 gas, the characteristic has been 
changed such that an electron is emitted at the 
threshold of V th2 . At this time, it is assumed that the 
fluctuation width of the electron emission current 
obtained by the electron emission has been reduced, and 
the number of electron emission points has increased in 
the equalizing process. 

The diameter of an electron beam emitted from the 
device obtained according to the present embodiment is 
long in the Y direction and short in the X direction, 
that is, substantially rectangular. 

( Second Embodiment ) 

An example of the equalizing process performed by 
emitting an electron as biased between the cathode 
electrode of the electron-emitting device and the anode 
opposing the electron-emitting device in the 0 2 gas in 
the second embodiment. 

(Step 1) 
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In the method similarly used in the steps 1 to 4 
according to the first embodiment, the extraction 
electrode 2 and the cathode electrode 3 are formed on 
the substrate 1, and fibrous carbon is produced as the 
electron-emitting member 4 on the substrate 1. 

(Step 2) 

The electron-emitting device is provided for the 
vacuum device 20 as shown in FIGS. 2A and 2B, the 
evacuation device 23 performs the evacuation process 
until 2 x 10" 6 Pa is reached, the gas leading valve 22 
leads the 0 2 gas until the vacuum level in the vacuum 
device 20 reaches 1 x 10" 4 Pa, and the pulse voltage of 
Vf = 20 V (with the pulse width of 10 msec and the 
pulse length of 4 msec) is applied to the cathode 
electrode 3 of the electron-emitting device with the 
extraction electrode 2 of the electron-emitting device 
set positive. Simultaneously, a voltage of Va = 10 kV 
is applied to the anode 24. The system is operated in 
this state for 1 hour, and the electron-emitting member 
4 is equalized. 

The electron-emitting device produced as mentioned 
above is fixed to the Vr of 15 V, the inter-anode 
distance H is fixed to 2 mm, and the device is driven 
with the anode voltage Va of 10 kV. With the 
configuration, a stable Ie can be obtained as in the 
first embodiment. 
(Third Embodiment) 



- 44 - 



An example of the equalizing process performed for 
each line of a matrix in the display device comprising 
a matrix electron source in which a plurality of 
electron-emitting devices are provided is described 
5 below by referring to FIGS. 8 and 9. 

In FIG. 8, reference numeral 81 denotes an 
electron source substrate, reference numeral 82 is X 
direction wiring, and reference numeral 83 is Y 
direction wiring, reference numeral 84 denotes an 
10 electron-emitting device, and reference numeral 85 
denotes a connection line. 

When the device capacity of a plurality of devices 
increases, the waveform becomes unclear by the capacity 
elements although a short pulse accompanied by the 
15 pulse width modulation is added in the matrix wiring as 
shown in FIG. 8, and the problem that an expected gray 
scale cannot be obtained, etc. occurs. 

Therefore, according to the present embodiment as 
in the first embodiment, an inter-layer insulation 
20 layer is provided close to the electron-emitting member 
4, thereby reducing the increase by the capacity 
element outside the element emission area. 

In FIG. 8, the X direction wiring 82 comprises m 
pieces of wiring, that is, Dxl, Dx2, Dxm, and 

25 comprises about 1 \xm thick and 300 jim wide aluminum 

wiring material formed in the evaporation method. The 
material, thickness of film, and width of the wiring 
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are appropriately designed. 

The Y direction wiring 83 comprises n pieces of 
wiring, that is, Dyl, Dy2, . .., Dyn, and is 0.5 pm 
thick and 100 pm wide as similarly formed as the X 
5 direction wiring 82. 

There is an inter-layer insulation layer not shown 
in the attached drawings between the m pieces of X 
direction wiring 82 and n pieces of Y direction wiring 
83. They are electrically separated (m and n indicate 
10 positive integers). 

The inter-layer insulation layer not shown in the 
attached drawings is configured by a 0.8 pm thick Si0 2 
in the spatter method, etc. The thickness of the 
inter-layer insulation layer is determined such that it 
15 can be formed in a desired shape on all or a part of 
the substrate 81 forming the X direction wiring 82, 
specifically such that it is durable against the 
potential difference of the cross portion between the X 
direction wiring 82 and the Y direction wiring 83, that 
20 is, the device capacity per device is 1 pF or smaller, 
and the device durability of 30 V according to the 
present embodiment. 

The X direction wiring 82 and the Y direction 
wiring 83 are lead as external terminals. 
25 A pair of electrodes (not shown in the attached 

drawings) forming the electron-emitting device 84 
electrically connected through m pieces of X direction 
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wiring 82, n pieces of Y direction wiring 83, and the 
connection line 85 comprising a conductive metal, etc. 

According to the present embodiment, the Y 
direction wiring and the X direction wiring are 
connected respectively as the cathode electrode side 
and the extraction electrode side. 

The n pieces of Y direction wiring of Dyl, Dy2, 
Dyn are commonly grounded, the pulse voltage on 
the positive side to the ground is applied to Dxl, the 
electron-emitting device 84 of the row Dxl is selected, 
and the equalizing process is performed. 

Then, a similar voltage is applied to Dx2, the 
electron-emitting device 84 of the row Dx2 is selected, 
and the equalizing process is performed. Similarly, 
the rows Dx3, Dx4, Dxm are selected to perform the 

equalizing process sequentially in the X direction. 

The image- forming apparatus configured using the 
electron source in the simple matrix array is described 
below by referring to FIG. 9. FIG. 9 shows the display 
panel of the image- forming apparatus using soda lime 
glass as a glass substrate material. 

In FIG. 9, reference numeral 81 denotes an 
electron source substrate for which a plurality of 
electron-emitting devices are provided, reference 
numeral 91 denotes a rear plate to which the electron 
source substrate 81 is fixed, and reference numeral 96 
denotes a face plate in which the fluorescent film 94, 
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the metal back 95, etc. are formed inside the glass 
substrate 93. Reference numeral 92 denotes a support 
frame to which the rear plate 91 and the face plate 96 
are connected using frit glass, etc. Reference numeral 
5 97 denotes an envelope which is sealed by baking at the 
temperature of 450 °C in the vacuum for ten minutes. 

Reference numeral 84 denotes an electron-emitting 
device. X direction wiring 82 and Y direction wiring 
83 are connected to a pair of device electrodes of an 

10 electron-emitting device. The respective row wiring 

and column wiring of the X direction wiring 82 and the 
Y direction wiring 83 are lead outside the envelope 97 
as terminals of Doxl to Doxm and Doyl to Doyn. 

The envelope 97 comprises the face plate 96, the 

15 support frame 92, and the rear plate 91 as described 
above. In the other hand, the envelope 97 having 
sufficient strength against the atmosphere by providing 
a support referred to as a spacer, but not shown in the 
attached drawings between the face plate 96 and the 

20 rear plate 91. 

The metal back 95 performs a smoothing process 
(normally referred to as a "filming") on the inner 
surface of the fluorescent film 94 after producing the 
fluorescent film 94, and then the vacuum evaporation 

25 process, etc. is performed, thereby piling Al. 

To enhance the conductivity of the fluorescent 
film 94, the face plate 96 is provided with a 
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transparent electrode (not shown in the attached 
drawings) outside the fluorescent film 94. 

Since the electron from the electron source is 
emitted to the extraction electrode 2 side according to 
5 the present embodiment, the fluorescent film 94 is 
provided in the position 200 ]im shifted toward the 
extraction electrode 2 when the anode voltage Va is 10 
kV and the inter-anode distance H is 2 mm. 

Thus, the obtained matrix electron source 
10 indicates equal characteristic for each electron- 
emitting device 84, and indicates little distribution 
of Ie, therefore it is desired as a display device, 
etc. 

(Fourth Embodiment) 

15 According to the present embodiment, an example of 

an equalizing process is performed for each electron- 
emitting device in the display device as an image- 
forming apparatus comprising a matrix electron source 
for which a plurality of electron-emitting devices are 

20 provided. 

As in the third embodiment, the matrix electron 
source as shown in FIG. 8 is produced. According to 
the present embodiment, the Y direction wiring 83 is 
connected to the cathode electrode, and the X direction 

25 wiring 82 is connected to the extraction electrode. 

A voltage is applied to Dyl and Dxl, the electron- 
emitting device 84 at the cross portion between Dyl and 
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Dxl is selected, and it is independently driven and the 
equalizing process is performed. 

Then, a similar voltage is applied to Dyl and Dx2, 
the electron-emitting device 84 at the cross portion 
between Dyl and Dx2 is independently selected, and the 
equalizing process is performed. Similarly, the 
equalizing process is performed sequentially on each of 
the electron-emitting devices 84. 

Using the matrix electron source produced 
according to the present embodiment, the display device 
as shown in FIG. 9 is produced as in the third 
embodiment . 

With the matrix electron source obtained as 
described above, the distribution of Ie is further 
reduced, and is recommended as a display device, etc. 

As described above, according to the present 
invention, the shapes of a plurality of projections of 
the electron-emitting member 4 are equalized. 
Therefore, a local field condensation is avoided on the 
electron-emitting member, and the electron emission 
characteristic can be equalized. Additionally, the 
local field condensation which causes high current 
density and an overload can be suppressed, thereby 
avoiding the reduction of an emission current. 

Therefore, the induction of discharge can be 
suppressed, the durability of the electron-emitting 
device can be elongated, and a stable electron emission 
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current with a small fluctuation with time can be 
maintained for a long period. 

Furthermore, for an electron source and an image- 
forming apparatus provided with a plurality of 
electron-emitting devices, the electron emission 
current of each electron-emitting device can be stably 
maintained. Therefore, the durability of each pixel 
can be elongated, the brightness of an image can be 
successfully represented, and the flicker of an image 
can be avoided, thereby maintaining a constant display 
characteristic for a long period. 



